During the past 20 years, Yersinia enterocolitica and Campylobacter fetus subsp. jejuni have been recognized as important causal agents of human enteric disease (6, 29, 31) . There is some evidence that these infections are zoonoses with a world-wide distribution (31) . Y. enterocolitica and C. fetus subsp. jejuni have been isolated from a variety of ecological sources, including wild and domestic animals, foods, and the environment (6, 19, 25) . However, the epidemiology of these infections is still not completely understood. At present, we do not know the extent to which human infections are derived from animals. The significance of these bacteria in veterinary medicine and in food hygiene requires further evaluation.
Bacteria belonging to the genus Salmonella are acknowledged pathogens of considerable medical and economic interest throughout the world (31 (1), scarlet rosefinch (Carpodacus erythrinus) (1), house martin (Delichon urbica) (9), yellowhammer (Emberiza citrinella) (1), pied flycatcher (Ficedula hypoleuca) (2), chaffinch (Fringilla coelebs) (2), icterine warbler (Hippolais icterina) (2), swallow (Hirundo rustica) (2), wryneck (Jynx torquilla) (3), willow grouse and ptarmigan (Lagopus spp.) (37), spotted flycatcher (Muscicapa striata) (1), wheatear (Oenanthe oenanthe) (1), blue tit (Parus caeruleus) (1), great tit (Parus major) (1), house sparrow (Passer domesticus) (7), tree sparrow (Passer montanus) (2), redstart (Phoenicurus phoenicurus) (1), willow warbler (Phylloscopus trochilus) (3), green woodpecker (Picus viridis) (1), whinchat (Saxicola rubetra) (2), starling (Sturnus vulgaris) (2), hawk owl (Surnia ulula) (1), blackcap (Sylvia atricapilla) ( The cloacal swabs were stored in SIFF transport medium (24) . Cultivation was performed within 4 days. The samples were examined for the presence of C. fetus subsp. jejuni, Yersinia spp., and Salmonella spp.
Isolation of campylobacters. Each sample was plated out onto a selective medium that consisted of the gonococci agar base of 0degaard (20) Ail colonies morphologically similar to Campylobacter spp. were examined by phase-contrast microscopy (x1,000). Bacteria showing the typical motility and cell morphology suggestive of Campylobacter spp. were subcultured and subjected to cultural and biochemical examination. The ability to grow under aerobic or anaerobic conditions was assessed after incubation at 42°C for 48 h. Growth at 25°C was tested in a microaerobic atmosphere. Catalase activity was tested on microscopic slides by additions of 1 drop of H202. Oxidase activity was examined on filter paper with 1% aqueous solution of tetramethyl-p-phenylenediamine dihydrochloride. Hydrolysis of hippurate was tested by the rapid method of Hwang and Ederer (9) were also observed among birds originating from nonurban, coastal areas ( Table 1) .
The 138 Campylobacter strains isolated could be assigned to three biochemically distinct taxa; (26; Table 2 ). C. jejuni was the most commonly isolated, followed by NARTC and C. coli. C. jejuni predominated among gulls and crows. In contrast, a majority of the strains isolated from puffins (Fratercula arctica) were NARTC. Too few strains were isolated from the remaining bird species to justify conclusions as to the distribution of C. jejuni, C. coli, and NARTC. All except one of the NARTC isolates were obtained from birds associated with marine ecosystems. The distribution of C. jejuni, C. coli, and NARTC in urban and coastal gulls was not significantly different.
Three gulls carried two biochemically distinct strains (C. jejuni and NARTC). Likewise, two biochemically dissimilar strains (C. coli and NARTC) were isolated from one of the puffins examined.
Yersinia spp. Five strains belonging to the genus Yersinia were isolated (Table 1) . Two strains could be ascribed to Y. kristensenii, two were Y. intermedia, and one strain belonged to Yersinia X2 (fermenting rhamnose, not fermenting sucrose or cellobiose) (5 (3, 19) . The Yersinia spp. strains isolated from birds in this study were Y. kristensenii, Y. intermedia, and Yersinia X2, which differ in biochemical properties from strains considered relevant to human or veterinary medicine (5) . These isolates were negative in the autoagglutination test, which is a useful presumptive indication of the pathogenic potential of Yersinia spp. isolates (15) . Nevertheless, strains similar to those reported in the present study have occasionally been associated with atypical clinical syndromes mainly affecting patients with compromised host defence (3, 4, 19) . Furthermore, it has been recently suggested that Y. kristensenii may be a possible agent of food intoxication (12a, 14) . The clinical significance of Y. enterocolitica-like bacteria in human and veterinary medicine may require further evaluation.
The isolation rate of yersiniae from birds (1.2%) was low as compared with the frequencies reported from small rodents (13%) and fish (19%) in Norway (11, 13) . On the other hand, C. fetus subsp. jejuni was commonly found (24.8%) in the birds examined (Table 1) . Campylobacters seem to be sparsely represented among small rodents (unpublished results). These observed differences may be attributable to dissimilar temperature preferences. The relative high body temperature of birds may favor the growth of thermophilic campylobacters, whereas Y. enterocolitica and Y. enterocolitica-like bacteria prevail at lower temperatures, e.g., in rodents, fish, and water (Kapperud, Doctoral thesis, University of Oslo, 1980). Poultry probably constitutes one of the largest potential reservoirs of C. fetus subsp. jejuni (6, 23, 29) . Among wild-living birds, these bacteria have previously been isolated from pigeons, blackbirds, starlings, and sparrows (27) , seagulls and dunlins (25) , and some species of migratory waterfowl (17) . The present results add several new hosts to those previously listed (Table 1) . Hence, our observations further substantiate the suggestion that avian wildlife constitutes an extensive reservoir of C. fetus subsp. jejuni. The broad spectrum of ecosystems represented might indicate that the occurrence of this bacterium in the environment and in nonavian wildlife may be far greater than currently recognized.
Crows, gulls, and pigeons captured in the city of Oslo showed significantly different carrier rates of campylobacters (Table 1) . Dietary variation may account for these differences. The lowest incidence (4.2%) was found in pigeons, which are herbivorous. Crows and gulls, which are omnivorous, showed rates of 90 and 50%,
respectively. An analogous relationship between dietary intake and isolation rate of campylobacters has been detected among migratory waterfowl in Colorado (17) .
The populations of gulls and crows examined scavenge on local refuse tips where sewage sludge is deposited. The gulls in question also frequent areas close to drinking water reservoirs, thereby enabling fecal contamination of the water supply and subsequent spread of pathogens to other species, including the human population. Extensive water-borne outbreaks of Campylobacter enteritis, affecting several thousand people, have been reported (18, 30) . In Skirrow and Benjamin (26) recognized four biochemically distinct taxa among C. fetus subsp. jejuni, which they named C. jejuni biotypes 1 and 2, C. coli, and NARTC. C. jejuni, which constituted 52.2% of the strains isolated in this study (Table 2) , is the most frequently encountered variant in human campylobacteriosis (23a, 25) . C. coli is less commonly involved in human infection and seems to be predominant among swine (21, 22, 23a, 25) . Most of the NARTC strains were isolated from marine birds ( Table 2) . Similar results have been reported from England (25) . The NARTC strains are salt tolerant (25) . This property may represent an adaption enabling enhanced survival in marine ecosystems. NARTC strains have occasionally been recovered from human clinical specimens, but the clinical significance is dubious (25) . It is possible, however, that NARTC has contributed to increased mortality among juvenile puffins in northern Norway (G. Kapperud et al., J. Wildlife Dis., in press).
In accordance with the observations of other authors (25) , the birds in this study were apparently healthy. This observation may be biased, however, since the trapping methods tend to select active, healthy individuals. Although C. fetus subsp. jejuni has been associated with hepatitis and bluecomb enteritis in poultry (29) Extensive outbreaks of salmonellosis among wild-living birds have been documented in Norway and Sweden (2, 7, 8) . All isolates of Salmonella spp. in this study were obtained from gulls which were apparently healthy (Table 1) . In previous investigations of gulls from coastal areas in Norway, the carrier rate of Salmonella spp. was found to be less than 1% (1, 7). Significantly higher rates have been reported in gulls scavenging on refuse tips (1, 7) . Although in this study Campylobacter was less frequently found among coastal gulls than among populations which fed on a municipal garbage dump, the prevalence of Salmonella spp. was not significantly different (Table 1 
